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A6cTpakT 


B uccnedoeanuu paccmampuéeaiomca mMemoouueckue acnekmbl KOMCmpyupoeanua uNmepakmuenou 
Ounamuueckou eu3syanuzayuu 6 Mamemamuyeckom obpazoeanuu. Koucmpyupoeanue Oudakmuyecku 
a@MekmMusuou BU3ZVANUZAYUU ABIACMCA CAMOCMOAMENbHOU Nedd2oz2u4ecKoOU 3adaYeU, NPOOUKMOBAHHOU 
UHMEHCUBHKIM pazs6umUueM MybmuMedUa. Zada4el, OObeEKMUBHO HOCAWYeU KOMNIEKCHbIU XapaKmep, 
NOCKONbKY COOePHCAMEbHbIU U UHCMPYMeHMALIbHbIU KOMNOHEHMbL KOMNbIOMEPHOU BU3yaIUZAYUU 6 
cyuwjecMmeeHHOU CMeNeHU 63AUMO3ABUCUMOL. 

Ha npumepe HecKolbKux cneyualbHo cnpoeKmupoéannelx anniemoée onpedensiomca qbakmopol, 
NOZBOMAIOUJUC OUHAMUYECKOU BU3VAIUZAYUU Cbl2paMb KINOUGYI0 POllb 6 POPMUPOBAHUU KOHYenmMyalbHOo2o 
NOHUMAHUA YYAWUMUCA CHOICHLIX MaMemamuyecKUX noHAMUU U npednoocenuu. K makum qakmopam 
6 nepeyio o4uepedb cledyem omuHecmu peanuzayuio OUHAaMUYeCKOU Cé6AZU Mex#COY O6YMA PaZHbIMU 
penpesenmayusmMu OOHOZO U MozO ICE MaMemMamuUYeCcKOZO OObeKMA, a MaKICe MexCOY PaZIUYHbLMU 
o6vexmamu. Boiseumb ocobenHocmu amux cé6AseU, YaCMO HEOYeBUOHDIe, 6 PAOE CIyYAeG MOIHCHO C 
NOMOUbI0 BEOEHUA 6 COCMAG ANNAEMA BCNOMOZAMENbHbIX BUZVAIbNbIX aemeHmose. Mx KoncCmpyKmuBHb1e 
xXapakmepucmuku npoekmupyiomca Ha ocHoee OUudaKmUYecKOzO aHalU3a npoObsembi, OA pewenuA 
Komopou cozdaemca annaem. TIpunyunuanoubim MomMeHMoM ABIAemcA MO, UMO JMU BUsZyAaJbHbIe 
aleMeHMbl, KaK npaeuso, yoaemca aqbqekmueno Pealuz06dMb MONbKO C NOMOUbIO KOMNbIOMeEpHbLIXx 
mexHono2ul U CaMU NO Cebe OHU ABIAIOMCA MemoOdUYeCcKUM «UZ0bpemeHUueM» pa3spabomu4uUKos. 
Kurouesble CsI0Ba: KOMNbIOMEpHAA eU3yaNUZAaYyUA, UHMepaKMUG6HAaA OUHaMUYECKAA BUZyaIUZaYyUA, 
mMamemamuyeckuu annem. 


BBegeHune 


Boulee Tpex JecaTHeTuH BU3yaIH3allMA B MaTeMaTHKe HB MaTeMaTHYeCKOM OOpa30BaHHi 
HaXOQHTCA B WeHTpe BHUMaHHA IWMpoKorO Teyaroruyeckoro coobmectBa (Gilbert, 2008; 
Giaquinto, 2007; Hitt, 2002; Mancosu, 2005). Sto, B 4YacTHOCTH, Hallo OTpakeHve B paye 
yu4eOHBbIx MOCOOni, OCHOBaHHBIX Ha KOTHUTMBHO-BU3YaJIbBHOM MOXOe, CO3aHHBIX, HallpuMep, 
Carter (2009); Needham (2000). Tpuuem, ecu Bo BTOpOM cJlyyae pedb HET O KOMITJIEKCHOM 
aHalu3e, TO B TepBOM — O TeOPHM py, MMCIMIIMHe, KaK M3BeECTHO, Olepupyrollel 
ype3BbI4aiHO aOCTpakTHbIMH MOHATHAMH. 

OueBH HO, ITO HHTepec K BH3YaIN3allMu WiaBHbIM OOpa30M CTHMyJIMpOBaH pa3BHTHeM 
KOMIIbIOTEPHbIX TEXHOMOTHM, KOTOPbIe HE TOKO KaPAHHAJIbHO paclIMpHsIM ee IpHMeHeHHe B 
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MaTeMaTH4eCKHX HCCC OBAHHAX, HO H B I[eJIOM OKa3aliu CyII[eCTBCHHOe BIIMAHNHe Ha XapakTep 
TIpoeccuOuasIbHOW eATeIbBHOCTH MaTeMaTHKOB. Tak, yxKe B 2007 r. oKOJIO 67% MaTeMaTHKOB 
VCHONb30BaIH pH TpoBeyeHHH UccueqOBaHHii CHCTeMbI KOMIMbIOTepHOM areOppl 
(Lavicza, 2007). XapakTepHo, 4TO 3TH CHCTeMBI B NoceqHHe TOD OUI B 3HAUMTeIBHOM 
CTeIMeHH YCHJICHbI HMCHHO 3a C4UeT JZMHaMHMeCcKO Bu3yamH3alMu. Bce 3TO NO3BONMIO pay 
HcceqOBaTeNel MpMMTH K BbIBOY O TOM, YTO KC THHAaMMYCCKMMH CpeCTBaMM MaTeMaTHKa 
MOXKET CTATb HayKOM 3KCIHePHMeHTaIbHOM (MH OHA yxKe CTasla TaKOBOM B HeKOTOPBIX CBOHX 
TeopeTHYeCKHX pa3zyemax), HayKOH, B KOTOPOM AeaATebHOCTh, CBA3AHHAA C 9KCIICPHMCHTOM 
HaOsIHOeHMeM, Tak 2Ke BaxKHA, KaK JIOTMKa HW OKa3aTesIbCTBO» (Hoyles, Lagrange & Noss, 2006, 
p.264, llepepog c aHn.a3. aBTopos). B cBa3u c 9THM Hoyles and Lagrange (2010) noqHuMatoT 
BOKHBIM BONpOC 06 OpraHv3allMH IKCICPHMCHTAIbHOM JeATeMbHOCTH yUAaIMXcA B Mpottecce 
oOy4eHHA MaTeMaTHKe, 0 pO HW YCHOBHAX IPPCKTHBHOCTH JHHAMMYECKHX pelpe3eHTalluit B 
9TOU JeATeIbHOCTH. 

B 2010 r Boren B CBeT TOM Hay4HbIX UcceqoBaHHii B New ICMI Study Series, 
MOCBALLCHHBIX IM (pOBbIM TexHOJIOHAM B OOpa30BaHHH (Hoyles & Lagrange, 2010). B kayectTBe 
TaBHOrO pacCMaTPHBaJICA BOMpOC O TOM, KaKHM 00pa30M MOTYT ObITb CKOHCTPyHpOBaHbl 
TCXHOJOrM4ecKHe CpesbI OOYYeHHA, CHOCOOHbIC 3HAYHTCIbHbIM OOpa30M CTHMYJIMpOBaTb 
MaTeMaTHYeckoe MBIINIeHHe yu4allMxcad. YuHTbIBad WeHTPaJIbHy!O POJIb KOMIIbIOTepHON 
BH3yasIN3al[HH B ITOMIIpOrecce, KOHCTpyHpoBaHHe JM akTH4eckH 3c) eKTHBHO HHaMudecKoli 
BH3yaIH3allMu BbICTYHaeT B KaueCTBE AKTYAIbHOM Mesaroruyeckoni 3ayauel. 


MetTogosiornua uccnegoBaHua 


Llebto HccIeqOBAaHHA ABIIAJIOCh BbIABIICHHe (PaKTOPOB, MO3BOJAIOMIMX JWHaMMyecKkon 
BH3yaIM3alHu CbIrpaTb BaxKHYIO POJIb B MOPMHPOBaHHU KOHIeliTyaIbHOro MOHMMaHiA 
yualllMMUCa COMKHBIX MATeMaTH4eCKHX NOHATHH. J[s1d UCCHEHOBaHHA Obi OTOOpaHbI Tpu Bua 
Y4COHBIX 3aaHuit, TPayMNMOHHO BbIZbIBAIONIMX TpyHOCTH y 3HAaYHTeJIbHOTO OOsIbUIMHCTBAa 
yualluxca. ITU 3aqaHuad WpescTaBiAroT Cobol Tp MpHHUHMHasIbHO pa3sHble WHAakTH4ecKHe 
CHTyalMM C TOUKH 3peHHA HCHOMb30BAHHA TIPHBEIYHbIX CpeACTB OOyYeHHA: AIA pelleHud 
MepBOW 3aadH YYMTeIb MOET HCIOUNb3OBATb Ha 3AHATHH CHOXKCTHbIN PUCYHOK, JIA BTOPOH 
- CXEMaTHUeCKHH YepTex, AJ TpeTbeli — MaTepHasIbHbI OObeKT. [pu BElOope 3aqaHHit TakxKe 
YUMTHIBAIACh BO3MOXKHOCTS IIpOBeCHHA UCCIeOBaHHA Ha IIpHMepe pa3HbIX BO3PaCTHBIX 
Tpyll yuamuxca (HayasibHad, CpeqHAA HW CTaplilad WIKosAa). 

Ha ocHope AMyakTH4eCKOrO aHasiv3a KaxKOTO M3 Tpex BHZOB 3auaHHit Obiin 
onpeyesyieHbI MeToyMYecKHe Uev, Ha Oa3e KOTOPbIX MpoOeKTHpOBaslach TMHAaMH4ecCKad 
BH3yaIM3allud B COCTaBe MaTeMaTH4eCKuX allieToB. B mpouecce pa3padorTku aliiieToB 
IIPOBOAWINCbh yYCOHBIe 3AHATHA C YUALL[MMUCA, MHTEPBbIO, KOHCYJIbTaHu C YYHTeAMH, B XOse 
KOTOPbIX KOppeKTHpPoOBaIacb KOHCTPYKUHMA allmeTOB. C MOMOLIbIO CpaBHHTeJIbHOrO aHasu3a 
WMAaKTHYeCKHX BO3MOXKHOCTeM TpayHUMOHHBIX cpescTB OOyyeHHA HM UX KOMIIbIOTePHBIX 
«aHaJIOFOB»> ObLIH Ope eICHbI HEKOTOPbIe 3HadHMbIe (aKTOPEI, BIIMAOMHe Ha TH AaKTHYeCKy10 
93eKTHBHOCTS KOMIbIOTepHOH BU3YasIH3alHH. 


Avvamunueckaad BUu3yanNu3zallna U ClOoxKETHbIN PUCcyHOK 


PaccmatpuBaa (byHKUMH WOKa3aTesIbCTB B MaTeMaTHYecKoM oOOpa30BaHuH De Villiers 
(1990) Bbiqemus Be OCHOBHEIe: BepHduuupyollyio uu OOBACHUTebHYyHO. YuuTelib, 
Oe3yCJIOBHO, JOJDKeH CTapaTbcaA BLIOUpaTb Takve OKa3aTeJIbCTBA, OOBACHUTebHad PyHKUMA 
KOTOPBIX BbIPaxkeHa Apye. ITO *Ke OTHOCHTCA H K OOBACHEHHIO pelieHui 3a1a4. Posb, KOTOpy10 
IIpH 9TOM MOXKeT cbirpaTb WHHAMMYeCKad BU3yaIN3allHA, MpoanaliM3supyeM Ha IIpuMepe 
cileqyrolule 3ayja4n 43 CTaHAapTHOrO y4eOHHKa MaTeMaTHEH JIA 6-ro KIacca 
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3aqjaua. CKOJIbKO MOJHbIX OOOPOTOB CeaIo KOeECO BeOCHTIeya, CCIM CaM BeIOCHTIey 
Tipoexayl paccrosHue B 13 MetposB? Payuyc Komeca paBeH 0,5 MeTpa. 

OnpiT 1oKa3bIBaeT, 4TO Wid yuamuxca 11-12 ner ota 3aya4a ABJIACTCA JOBOJIbHO CIOKHOM 
— 4ype3BbI4yaiHO peXKO OHA pelllaeTCA MMH CAMOCTOATENbHO. Y4NTeIA MPH3HAIOT, YTO WaxKe 
TIOUb3yACh W300paKeHHeM BeOcHTeya, TpyqHO «OCTyIHO» OOBACHHTb pellleHve 3aqa4u. 
Ilosromy Ha lpakTHKe 4allle BCero OHM TIpocTo MpesiararoT yualllMMca 3alMcaTb pellienne, 
OTJCIbHO OOACHAA KaXKAbIN CTO WYHKT, a B asIbHelLeM pelllaTb 3aa4n STOTO TuIIa 10 CXeMe 
IIpeJJIO*KCHHOTO pellleHHA: 

1. 3a ouH OOOpOT KoMIeca BeOCUTIe MpOXOANT paccTOAHHe paBHoe JIMHe OKPyKHOCTU 
Kosleca. 

2. Juma OKpy2KHOCTH KosIeca BETUMcIAeTcaA 10 dopmyne 2MR. B Hatem ciryyae ona 
pasua X Metpam, To ecTb 1pHOsmKeHHO 3,14 metpa. 

3. Pa3snemum 13 mM na 3.14 mM. Homyuaetca npHonu3utTembHo 4.14. Sto 3Ha4quT, 4TO 
B OTpe30K JIMHEI 13 WeNMKOM «BXOZAT» YeTEIPe OTpe3sKa AWMHEI 3,14 mM. OrserT: KosIeco 
BesIOCHHeya COBeEPLIUT 4 MOJHBIX OOOpoTa. 

Takoe, aHasIMTH4eCKOEe M10 CYTH, pellleHHe He BbI3bIBACT YIOBJIETBOPeHHe y OOJIbIIMHCTBA 
yualluxca — B JIY4LeM Cly4ae OHO BOCIIPHHUMaeTcA KaK POPMAJIbHbI asrOpUTM pellleHuA 
3ayad olmpeyemenHoro Tuma. Mexyy Tem, caMa 3aja4a 3acilyxKHBaeT Cepbé3HOro BHHMaHHA, 
MIOCKOJIBKY ABIIACTCA OJHOM U3 HEMHOTHX 3aad WIA yaallluxca TOTO BO3pacTa, Ha IIpHMepe 
KOTOPOM MOXKHO MOKAa3aTb peasibHyto, a He Ha YMaHHyI0, KaK 9TO YacTO OBIBAeCT, CBA3b MATEMATHKU 
c felicTBUTebHOCTHIO. PetieHve 3aya4H aeT, HallpHMep, OTBeCT Ha BOTIPOC, KaKHM OOpa30M 
OopToBoi KOMIIbIOTep aBTOMOOMIA «TOrabIBaeTcA» O TOM, KaKOe paccTOAHHe Ipoe3KaerT 
aBTOMOOMIJIb: KOMIIbIOTep IIPOCTO CYMTaeT YHCIO COBEPLICHHbIX OOOPOTOB KOIeCa, a 3aTeM 
«IIepeBOAHT» ero B IipoizeHHoe pacctosHue. Kpome Toro, 9Ta 3ayja4a HMeeT 3HAYHTeIIbHYIO 
I[CHHOCTS B IlaHe MponeeBIMKH pAa CIOKH‘IX MAaTeMaTH4eCKHX UM (PU3H4eCKHX MOHATHH. B 
CHJLy 9TUX IIPH4YHH CTAHOBUTCA AKTYAaJIbHbIM IIPOCKTHPOBaHHe KOMIIbIOTepHOrO HHCTPyMeHTa, 
C TIOMOLIbIO KOTOPOTO MOXKHO ObIIO ObI WOCTHYb He POPMAJIbHOTO, a OCOZ3HAHHOTO TOHHMAaHHA 
yuallMMuca pellleHud paccMaTpHBaeMoi 3ayauu - To, 4To Thurston (1990) Ha3brBaeT 
«TIOJJIMHHBIM IOHHMaHem» (real understanding). 

CosfaHuio BH3yasIM3allWH OIDKeH TIpeWIeCTBOBaTbh aHasIM3 UpOOseMbI, KOTOpy1o 
C MOMOIMIbIO BH3yaIH3alHu WpeszcTouT pewutTb. Ha ero OcHOBe CTpOuTCaA OCHOBHad Uyer 
BH3yaIM3alHu, a TaKXKe KOHCTpyHMpyloTcd HeEOOXOHMbIe HHCTPyMeHTBI HU OIpeesAIOTCA UX 
xapakTepucTuKH. Jd Halle 3afaun aHasIM3 BKHOUaeT [Ba IYHKTa, [laBHbIM H3 KOTOPBIX 
ABJLACTCA BTOPOH: 

1. Ipexye Bcero, HYWKHO OObACHHT, YTO O3HAYAeT BbIPAxKeHHe: «KBeEOCHTe mpoexas 
pacctosHue B 13 MeTpoB». Bo Bcex 3afa4ax Ha JBMKeHHe, pellaBIIHXcA y4ualMMucA paHee, 
UX Y4HIIM TpeHeOperatb pasMepaMH BeIOCHIIeza M PUCOBAaTb ero B BUC MaJICHbKOTO Kpy2%KkKa. 
B oro %xe 3ayjaue BeIOCHIMe HeIb3d4 CHHTATb MaTepHaIbHOH TOUKOM, yYHTbIBad, YTO ero 
pa3MepbI BIOJHe COM3MepuMBI Cc TpolieHHbIM paccTosHuem. IlosTomy BcTaeT BOIIpOc, Kak 
cileqyeT H3MepATb MIpoUAeHHOe BeIOCHTe0M paccTosHHe. 

2. KutroueBbIM BOTIPOCOM ABIIACTCA OlIpezeIeHHe METOAH4ECKOLO MOAXOMa K HOCTPpOeHHIO 
BH3yaIM3alHu, C TOMOL[bIO KOTOPOM MOXKHO ObiwIO Ob OOBACHHTh yTBeprxKeHue: «3a ONMH 
oOopoT KosIeca BeIOCHTIe] MpOXOAMT paccTosHHe, paBHoe JIMHe OKPy2KHOCTH KOsIeCca». ITO 
OObEKTHBHO CIOKHOe YTBepKAeHHe MpakTHYeCKH HHKOTa He BOCIIPHHUMaeTCA y4alLHMUcA 
B CJIOBeECHOH PopMylHpoBKe, OCOOeHHO Ha CJIYX, MOCKOJIbKy MM TIPHXOMTCA MBICIICHHO 
IIpe{CTaBHTb B3AMMOOTHOLICHHA Cpa3y Tpex OOBEKTOB, {Ba M3 KOTOPBIX K TOMY 2Ke J[HHAaMVYHBI. 
Cama m0 ceOe BH3yaJIN3allia JBYKCHHA BeIOCHTIeya He WaeT KO4a K PeLIeHHIO. 

Jina OObACHEHHA 3aadH pa3spaOoTaHa BH3yalIM3allHA B CocTaBe ammieta (puc.1-2), 
OCHOBHad Hed KOTOPOH COCTONT B «Kpa3MaTbIBAHHM OKPY2KHOCTH KOJIeca B XOJe [BWKeHHA. 
IIpuyem yuaniica JeaeT STO CAMOCTOATEJIBHO C MOMOLIBIO Cia zepa (puc.2). Ja sTorO HaM 
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IIPHUWIOCb BBECTH BCIOMOTaTeJIbHbIM BU3YAJIbHbIM 3JICEMCHT — «JICHTY»» TOHKOTO CJIOA KpacKH. 

Busyanbubii oddekT «pa3mMaTbiBaHua» TIpescTaBsaeT Ha CaMOM jelIe BaxKHY}!O 
MaTeMaTHYeCKy!O KOHCTPyYKUHIO - OTOOpaxkeHHe OKpyxXKHOCTH Ha TIpoMexkyTOK. OTMeTuM, 
YTO «OOpaTHOe» OTOOpaxeHHe — «HaMaTbIBAaHHe» IIpAMOl Ha OKPy2XHOCTb HMeeT KIOUeBOe 
3HadeHHe Id POPMUPOBAHHA KOHICITYaIbHOrO MOHHMaHMA NOHATHA “TPHrOHOMeTpH4ecKad 
(yHKuMA 4NcIOBOrO apryMeHTa». Ha mpumMepe 3afa4 MOX%KHO HCCIeOBaTb CIOXKHOe 
TBIOKeHHEe, BKIOUad TpaecKTOPHN JBWKCHHA TOUKH B pa3sHbiIx CHcTeMax oTcyerta. JloOaBuM, 4TO 
VW JIA ONIpeAeeHHA MpOMAeCHHOTO BeIOCHIIeAOM paccTOAHMA UCTIOb30BaIaCh KOMIIbIOTepHad 
aHuMallia. 
































PucyHok 1. BcnomoratenbHbii BU3yanb- PrcyHoK 2. <PasMaTbIBaHNe» Kose- 
HbIV 3s1eMeHT. Ca C NOMOLbIO cnaiige- 


pa. 


Avvamnueckad BUu3yann3zallnA nu cxemMaTuuecknii yYepTenk 


TpyaHocTH ocTpoeHua To rpaduky 3aqaHHOH dyHKUMM rpaduKa ee MpoH3BOTHON 
MOXKHO OOBACHUTb COMYTCTBYIONIMMH BBIYMCIIMTeIbHbIMM TpyTHOCTAMM: HeoOxoxHuMo 
HOCTPOUTb WOCTaTOUHO MHOFO TOYeK rpaduka TpOvM3BORHOH, Wd MOCTpoeHHA KAKO 13 
KOTOPBIX TpeOyeTcaA H3MePUTb YTOI HaKIOHA COOTBETCTBYIOINI eH KaCaTeJIbHOM M BBIYMCIIMTb ero 
Tanreuc. [loqo0OubIe 3aaHHa MOXKHO OTHECTH K Klaccy «HETeCXHOJIOPHYHBIX»>, ECJIM B HallieM 
pacrlops»KeHHH TOJIBKO KapaHalll, 4epTexK HW yrOJbHUK: OObeM HeMpOAYKTHBHOM eaTesIbHOCTU 
OYeBH HIM 00pa30M HUBeIMpyeT AWAakTHYecKy!0 IeHHOCTh 3a ana. OWHAKO 3TO 2Ke 3a ane 
MOXKET BIOIHE ObITh HeqarorMvyeckH IPMeKTHBHBIM, CCIM C MOMOLLbIO IMpoBbIx TexXHOOTHi 
TaTb BO3MO%KHOCTb YUaIlIMMCa COCpeOTOUHTbCA Ha KOHIICITYyasIbHbIX, BU3YAJIbHBIX IO 
cBoel Ipupose, aclleKTax NOHATHA «IpoH3BOTHaA». C TOM IebIO CKOHCTpyHpoBaH alimieT 
«Iloctpoenue rpadbuka mpovu3BosHOM» (puc.3). 


6 


aT 


GAMHMuHdA OKPyKHOCTE 


Uucnesuse 
SHOYEHMA 
Yron HoxnoHa 
ROCOTENBHOM: 
1,31 radians 
Torrence yrna 
HaKNOHG 3,80 


PucyHok 3. [pacbwkK npovn3sBogHOoHw B cOYueTaHMM CO BCNOMOraTesbHbIM 
BU3YasIbHbIM 3/IEMEHTOM. 
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OHO 43 TIpeMMyIecTB JMHAMMYeCKON BU3yasIM3allHu Tepes, CTaTHYeCKOM COCTOHT B 
TOM, 4TO OHA J[aeT BO3MOXKHOCTh PacCMOTPeTh B J[MHAaMUKe TeHe3HC HOBOTO MaTeMaTHYeCKOTO 
oObexta. B Halliem cilyyae — rpauka Tpou3sBOAHOH, KOTOpbIM CTpOHTCA MHTepakKTHBHO 110 
rpaduky 3aaHHO PyHKHu. CBOlMcTBa HOBOrO MaTeMaTH4eCKOrO OObeKTa — MpOv3BOHOH, 
olpes[eJIeHHbIM 00pa30M 3aBHCAT OT CBOMCTB HOpoxK 1arollero OObeKTa— PyHKILHU. Bu3yasIbHbIM 
WHCTPyMeHTOM TIOCTPOeCHHA ABJIACTCA BCIIOMOFaTeJIbHbI IpAMOYTOJIbHbIM TpeyrosIbHUK, 
TMHaAMHYeCKH CBA3AHHbIN C BbIOpAaHHO TOUKOM rpapuka. Yuawuiica WBuraeT TOUKy rpaduka 
(yHKIWu U HadsOaeT MOCTpOeHHe COOTBeETCTBYIOINeH TOUKH rpaduka HOBOM dbyHKUMH 
— Tipon3BogHon. Tockonpbky rpaduk Mpou3BORHOU CTpOuTca HHaMHYeCKH, TO y yyalleroca 
€CTb BO3MO%XKHOCTb HeMOCpeJCTBeEHHO CBA3aTb CBOMCTBa OOeHX (YyHKIIMH, HallpuMep, pu 
MOCTPOeHHH TOYeK Tpaduka IpoHu3BOqHOH PYHKUHH B OKPeCTHOCTAX TOUeK JKCTPCMYMOB WIM 
TleperMOos 3ayaHHon dbyHKunu. ostomy 3aaHuad, CO3,aHHble Ha OCHOBE alllsIeTa, HOCAT 
TIPCHMYII[eCCTBEHHO KaYeCTBeHHbIM XapaKTep HU CBA3aHbI C OOBACHEHHeEM CBOMCTB rpaduka 
IIpOH3BOAHOH B 3ABHCHMOCTH OT CBOMCTB rpaduka HCxXOHOK (yHKUMH. 

OueHb BaxKHO, 4TO TOUy4eHa BO3MO2XKHOCTh OCYINCCTBIIATh HeaHasIMTH4ecKoe, Oe3 
HeOOXOJUMOCTH BbIMOJIHCHHA TPyOCMKHX BbIYHCJICHHH, MOCTpoeHve Tpa*uka MpoVu3BOHOH, 
4TO IIPOCTO HeEBO3MOXKHO CylelaTb 6e3 yyacTua WHdpoBbIx TexHosoru. Bce 9To jaeT 
BO3MOX%KHOCTb COCpexOTOUNTh BHHMaHve y4allMxXcd Ha KOHICITYaJIbHbIX, BH3YAJIbHbIX 10 
cBoel Ipuposle, acleKTax NOHATHA «MpOH3BOTHad». ONbIT IPHMeHeHHA aliiieTa Ha WpakTHKe 
T1lOKa3aJI, YTO XOTA HMMECTCA OMIA OTOOPaxkeHHA Ha 9KPaHe JBYX JOMOJIHUTeIbHBIX OOsIacTelH: 
e€MHMYHOM OKPy2KHOCTH C JIMHHeM TaHreHCOB WH YHCICHHbIX 3HaYeHH (puc.3), yuarlueca 
TiIpakTH4ecKH HUKOTa He MOUb3yIOTCA WoceyqHeH. ONTHMasbHOW KOHUrypalMen ABIAeTCA 
HajIM4e Ha 9Kpahe JBYX JHHAMMYCCKH CBA3AHHBIX TEOMeETPHYeCKHX perpeseHTalnii. 


Avvamnueckan Bu3yann3sayna UW MaTepManbHbii O6beKT 


UYactTo TMHaMHyecKad BU3YAaIM3allHA MOKET CTPOUTLCA Ha pasHOOOpasHBbIX KyJIbTYPHBIX 
apTedakTax, 10 CHX Top IIpHMeHACMBIX B LIKOJIbHOM OOy4eHHH MaTemaTuKe (aOak, MasleTKa 
YW fp.). OHaKO UMeeT JIM OHA B 9TOM Cilyyae CyIeCTBeHHOe MIpeHMYLIeCcTBO TIO CpaBHeHH10 
c «opurHHasom»? IlopepxHOcTHBI B3ridy] Ha NpoOMeMy MO%KeT MOATOMKHYTb YHHTeIA K 
BbIBOAY O TOM, YTO IIPHMCHCHHe KOMIIbIOTCPHEIX MHCTPYMeHTOB IO CBOMM J{HakKTH4eCKUM 
BO3MO2%KHOCTAM aHaJIOrH4HO TPHMeHeHHIO TpayHUMOHHOM Mose KyIbTypHOro apTedakta. 
Pe3ysibTaTbI Oecey C YAYNTeIAMH MO3BOIIMIM HaM Ci{elaTb BbIBOA O TOM, YTO TOAOOHAaA OLleHKA 
3@eKTHBHOCTH KOMIIbIOTePHbIX MHCTPYMeCHTOB YHHTeIAMH 4acTO CBaA3aHa C TeM, 4TO 
OHM HCTIOMb3yIOT HOBO AUJakTHYeCKOe CpeCTBO C pa3sHoOOpa3HbIMH MH HeETPHBUAaJIbHbIMU 
BO3MO2%KHOCTAMH, TIPHMeHAA MIpexKHIOIO TpaqHUMOHHY!O U TIPHBEIYHYy!O MeTOMKy paoorsl. 

CpaBHUTesIbHbI aHaJIH3 BEITIOJIHHM Ha IpHMepe OAHOTO 3 NOMYIAPHIX AM akKTH4YecKHx 
CpeJcTB, KOTOpoOe B pa3JIM4HBIX WHTeplipeTaluax WCHOUb3yeTCA B HayasIbHOM OOyyeHHu 
MaTeMaTHKe — T03HI{MOHHOrO aOaka. IIpoToTumoM 9TOrO TocoOuA ABIAeTCA M3BECTHBIM 
KYyJIBTYPHbI apTe*akT — aOak, HIM «CHeTHad WOCKa». MeToauKa HCIOIb30BaHHA MO3HIMOHHOFO 
aOaka HHTepecyeT MHOrHX COBPeMCHHBIX YYCHBIX, 3AHHMAIOWIMXCA BOIIPOCaMH BH3yaIH3alMu 
MaTeMaTHYeckKoro y4eOHOro MaTepHiia B HayasIbHOH wiKoe (Bartolini Bussi & Mariotti, 2008; 
Jpo3n, Cronap, 1988). CpaBHum Tpay(MItMOHHBbIM aOak C ero KOMIIbIOTeEPHbIM «aHaJIOrOM)) C 
TOUKH 3PeCHHA BOSMOXKHOCTeH pelleHHA KIOUeBOH NpoOsems! POpMUupoBaHHA NOHATHA YNCIIA y 
MaJICHBKOrO peOeHKa, CBA3AHHOW CO CIOAKHOCTbIO MOHHMAHHA Uen «3aMeHbD> eECATH EMH 
OAHOFO pa3pAa TOKO OFHOM eAMHuUel NocMesyroMlero paspata. 

TpaaMunonHbii adak UMeeT OHO, HO CYLIeCTBeHHOe TIpewMyllecTBO Tepe ero 
KOMIIBIOTePHBIM <«aHasIOrOM»: peOeHOK MO%*KeT MMeTb cCielu@w4eckue TaKTHJIbHbIC 
OMyUeCHHA, HAHM3bIBAX KOCTOUKM Ha CIIMIbI adaka. OfHaKO BO3MO2%KHOCTH IpecTaBeHHA 
BCeX «IIpeBpallleHHi 4cla B JHHaMMKe C V30bITKOM KOMIICHCHpy!OT 9TO HeH30exKHOe 
orpaHi4eHnve KOMIbIOTepHON BU3yasIM3alMH: 
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1. Ha TpaqumHoHHOM aOake peOeHOK He BUT, Kak CKOPO pa3pay, «3alOJIHUTCa», OH 
BBIHYKICH MOCTOAHHO COMPOBOXKaTb IpakTuyeckHe WelicTBuA cueTOM. KommbroTepHbIi abak 
ocBoOoxKaeT peOeHKa OT HEOOXOAMMOCTH BECTH Me€XaHHYeCKH CUECT, T.K. BU3YaJIbHbIM CHTHas 
MHOpMupyeT ero O TOM, YTO pa3pAT y2Ke «3allOJIHeH»». 

2. Ha TpaqulMoHHoOM aOake He Hoslyyaetca yOeqUTesIBHO MOKa3aTb Hero «TIpeBpallleHHa» 
Pa3pATOB, T.K. CaMa OMepallua 3aMeHbI JeCATH CTHHUIL Mialero pa3piga OAHOM equHHIeli 
cTaplilero pa3pajia (M4 HaoboporT) pa3zzpoOseHa Ha CTOMb MesJIKHe H JOMrHe 10 BpeMeHH 93TAlIbl, 
YTO I[@OCTHOCTb BOCHPHATHA UAeH B WeNOM Hapyuiaetca - m0 M.Beprteiimepy (1987) 
HeT BO3MO%KHOCTH «CHMYJIbTaHHO»>, IeJIOCTHO OXBaTHTb cpa3y Becb mporecc. Ilo Hamm 
9KCIICPHMeHTasIbHBIM 3aMepaM, B HeKOTOPbIX CylyYadxX Ha MoOWOOHyIO 3aMeHy y peOeHKa 
yxonuno0 go 10 MuHyT yaeOHoro BpemeHu. KommbioTepHbiii abak 10 CBOHM BH3yaJIbHbIM 
BO3MO2%KHOCTAM O1M30K K BECbMa IIPHBICKAaTeIbHOM JIX MaJICHbKOrO peOeHKa «CKAa304HOM») 
aHUMallMu: peBpallleHuA MPpOHCXOAAT MTHOBCHHO, H Wed 3AMCHbI JCCATH CMH MaUIe;ro 
pa3piga PUKCUpyeTCA B YCTKOM H I[eJIOCTHOM MeHTAaJIbHOM OOpa3e. 

3, J[t WIOCTpallM CTy4aeB BBIUMCIICHHH C MepexoOM Yepe3 paspaATHy!O CAHHUILy Ha 
TPaMUHOHHOM aOake CIO%#KHO MOKa3aTb Hero, KOTOpad Ha ObITOBOM LIKObHOM JIEKCHKe YaCTO 
(opmMyupyeTca Kak “TPH MMIUy, OHH 3al0MuHato». Beab Wake CCIM MCMOb30BaTb KOCTOUKH 
Pa3HBbIX IBeTOB, HeBO3MOKHO pesyralarb, Me HayHeTcaA cTOMOUK M3 KOCTOYeK Apyroro 
I[BeTa - TOT CaMbIii JECATOK, KOTOPbIi MbI OyeM 3AMCHATh OHO KOCTOUKON, OOO3HAUarOIL eH 
eNMHUILy cTapiiero pa3spayqa. KomnbrorepHbiii aOak MOKa3bIBaeCT B MHAMMKe, KaK J[CCATOK 
KOCTOUCK, MpeqHa3HayeHHbIi JIT 3AMCHbI, BU3yaIbHO «“BbIPaCTaeT»» BMECTE C BbITIOHCHHeM 
TIpakTH4ecKO ONepallHu cioKeHHA (puc.4). 
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4. TpanuunonHpii adak sABIdeTCA CpeCTBOM OOy4eHHA, KOTOpOe 3aBHCHT OT 
HCHOIb3YeMOFO YHYCOHOLO MeTOMAa H MO3BOMAET PeaTH30BaTb AOCTATOYHO OFpaHH4eHHsIi HaOop 
WMAaKTHYeCKHX 3aaHHi. KoMMbIOTepHI aOak ABIIACTCA HOBbIM JMaKTHYeCCKHM CpesCTBOM, 
MOTCHI[MalI KOTOPOTO MO3BOIIAET KOHCTPyHpOBaTb HETPUBMAJIBHbIe 3a JAH HB LCJIOM OKa3bIBaeT 
cepbe3Hoe BIIMAHHe Ha H3MeHeHHe MeTOAMKUM OOyYeHHA MIaTWHX WIKObHUKOB. Harmpunmep, 
Ha KOMIIbIOTepHOM aOake MOXKHO TpeJIOKUTb peOeHKky «(anTacTH4eCcKy!O» MOJeIb YMCA U 
MIOMPOCHTb ero «HaBeCTH B Heli MOpAOK» (puc.5). 


O6cy»kAeHNe pe3ybTaTOB 


IIpupeyenuste TIPHMeppsl JWWHaMuueckoni BH3yasIM3aWHH UWOKa3biBarOT, YTO C ee 
TIOMOIMIbIO MOXKHO B 3HAYHTeJIbHOM CTeMeCHH MOBbICHTb Ka4eCTBO MOHHMaHHA aOCTPaKTHBIX 
MaTeMaTH4eCKHX MOHATHH 3a C4eT BH3yasIM3alM CYITeCCTBCHHbIX XapaKTepHCTHK, cBA3eH U 
OTHOMeHHH, KOTOpbIe HCBO3MO2KHO m00 KpaitHe 3aTPYHHUTCJIBHO MOKa3aTb TpadMWMOHHbIMU 
AW TakTH4eCKUMH CpeytCTBaMn. 
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Pa3paOoTaHHbI JIt CTapmuuxX KIaCCOB IIKOJIbI almieT MOoMoraeT CPOpMupoBaTb 
MOHATHE MpoOu3BORHOH Kak (PyHKUMM, CBOMCTBa KOTOPOM 3aBHCAT OT CBOMCTB MopoxTarolel 
dyukunu. Mpaduk npou3sBogHO crpoutca WuHamuuecku. IIpu 9ToM y TaHHoi Bu3yaTH3alMu 
HeT peaIbHOrO, (PU3HYECKH CyIIeCTBYIOIIerO B TpasMIMOHHOM CucTeMe cpeycTB oby4eHHA 
aHasiora. AMMUIeT, IpeqHa3HaveHHBIH Jia CpeHUX KJIaCCOB IKOJIbI, BKIFOUaeT BU3YasIH3allH10 
Tipolecca 7BMxKeHUA (PU3H4eCKOrO OObeKTa Ha KAYeCTBCHHO HHOM YPOBHE, YM 3TO BO3MO2XKHO 
OCYLIECTBHTb C MOMOII[bIO HaOMIOeCHHA 3a peasIbHO JBMKYIMMca OObeKTOM. Busyaru3alnd 
Yeu «pa3MaTbIBaHHa OOOMa KOJIeca MPHHI[MMHabHO BIIMAeT Ha MOHHMaHve y4alllMMuca 
Yeu, JIexallel B OCHOBE pellleHHA TEKCTOBOM apHMeTH4eCKON 3aa4H, MMerolllel 3HadeHHe 
He TOJIbKO B MaTeMaTHYECKOM, HO HB OosIee IIMPOKOM COI[MaJIbHOM KOHTeKCTE. 

AMIIeT, CKOHCTpyHpoBaHHbIi Id HayasibHOrO Kypca MaTeMaTHKH, MHTepeceH TeM, 
4TO ABJIACTCA, TO CYTH, KOMIIbIOTeEPHbIM aHasIOrOM H3BECTHOrO KYyJIbTypHOTO apTedakta — 
aOaka, KOTOpBIM 10 CHX Mop IIPHMeHAeTCA B KadeCTBe CpeCTBa W3yYeHHA HyMepalluu 4Cel 
MW apudMetTuyeckux JelicTBui. TeM He MeHee BO3MOXKHOCTH aHHOTO alliIeTa MO3BOJIAIOT 
MOJYYUTb 3HAYHTeJIbHO OOMbIIMH TugakTuyeckuh spdexkT 3a cueT BH3yaIM3alMH Wpoecca 
3AMeCHBI pa3spaAHbIX CMH U KOHCTPpyHpOBaHHA HETPMBUAIIbHBIX TNTakKTHYeCKHX 3aaHui. 

Kak u3BeCTHO, CaMa 110 cebe HHaMH4ecKad BH3YAaJIM3allHA allpHOpu He rapaHTupyer 
IIPeHMylecTBa B JHaKTH4eCKOM ACcTIeKTe Tepe] cTaTH4eCKHMU U300paxKeHHAMH, TOSTOMY 
pellieHve 0 ee pa3paboTKe HM MpHMeHeHHH OJDKHO ObITb MeTOAMYeCKH OOOCHOBAaHO. 
ObdekTuBHad TMHAaMMYeCKad Bu3yaIH3allWA MOKET MOMOYb CPOPMUPOBaTbh aJeKBaTHY}O 
MCHTAJIBHY1O MOJ[eJIb HCCIEAYeEMOLO NOHATHA WIM Mpotecca. BsauMojeHcTBys c WHHaMMYecKoN 
BHB3yalM3alveli yaalluica MOXKET MOHATb, KAKUM OOpa30M «yCTpoeHa» Hekad MaTeMaTH4ecKad 
KOHCTPYKUMA, ONpeCIMTb CYLIECTBCHHbIe CBA3H Me2%Ky ee 9IEMCHTAaMH HU B MTOTe OCMBICJINTb 
JlexKallHe B Ce OCHOBE MaTeMaTHYeCKHe HJeH MW NOHATHA. 


3aKknroueHne 


CneyqcTBHeM oOorallleHua TpaqHUMOHHOM CHCTeMbI cpeycTB OOy4eHHaA HOBbIMH 
KOMIIbIOTCPHBIMU MHCTPyYMeHTaMH ABJIACTCA HAMCTHBIMAICA B HaCTOALee BPeMA TCHACHIMA 
K II@PCOCMBICJICHHIO M OOHOBIICHHIO MeTOAHUKH OOyYeHHA MaTeMaTHKe. OCHOBHBIM (bakKTOpoM, 
BJIMAIOUIMM Ha ITOT MpOWecc, MOXKHO IPH3HaTb TUaKTH4eCKHe BO3MO2XKHOCTH KOMIIbIOTepHOH 
BH3yasM3alHu. B pamkax McceqOBaHHA CIIPOCKTMpOBAHEl TPH aliieTa C IeubIO OMpeeueHHA 
(akTOpoB, MO3BOIMIOMMX TMHAMMYeCKOM BU3yaIM3allMH CbIrpaTb KJIIOUeBYIO POb B 
CopMupoBaHHH KOHIelTyasIbHOTO MOHMMaHH A ydalltMMUCA CIOKHBIX MATEMATHYeCKHX NOHATHH 
HW WpeqioKeHui. CpaBHHTebHbIM aHasIM3 JMaKTHYeCKHX BO3MO%KHOCTeM TpaMIHOHHBIX 
cpecTB oOy4eHHA H CO31aHHBIX allIICTOB BbIABMJI HEKOTOpbIe 3Ha4HMBbIe (paKTOPHI, BIMAIOLIMe 
Ha JJMakTH4eCKy10 3PMeKTHBHOCTh KOMIIbIOTepHON BU3yaIH3alMn. K HAM MOX%KHO OTHECTH: 

* JMaKTH4eCKHH aHau3 MpoOOMeMBI, Wd pelieHia KOTOPO co3faeTcaA Bu3yalIM3allH4, 
Ha OCHOBe KOTOpOrO PopMysIMpyeTca MeTOAMYeECKad Hed; MOCMeqHAA WOIDKHA OBITS 
HalipaBlleHa Ha ObICTpoe HV, HO BO3MO2XKHOCTH, IeOCTHOe «CXBaTbIBAHHe» yualllMMuca 
CYINCCTBCHHBIX CTOPOH H3ydaeMbIX MATeMaTHYeCKHX MOHATHH; 

*  KOHCTpyHpoBaHHe CIelHaJIbHbIX BCIIOMOraTeJIbHbIX BM3YaIbHbBIX 3ICMCHTOB HU 
BH3YasIbHBIX 3:PPeKTOB, C TOMOLIbIO KOTOPbIX MOXKHO BbIABUTb OCOOCHHOCTH CBx3H, 
B TOM 4HcIe THHaMMYeCKOl, MexKy pelipeseHTalMAMH MaTeMaTH4eCKHX OObeKTOB; 
KOHCTPYKTHBHbIe XapaKTePHCTMKH BH3YaJIbHbIX 3JICMCHTOB IPOeKTHpyloTCcaA Ha 
OCHOBe [MJakTH4eCKOrO aHasIv3a C yYYeCTOM BO3MOXKHOCTeH NpewnomaraeMol cpesbI 
pa3spa0oTKu; 

*  cO3qaHHe BO3MO%KHOCTel KOHCTPyHpOBaHHA HOBBIX, HCTPHBMAJIbHbIX JMakKTHYeCKHX 
3aaHui, MO3BOUAKOIMX YUeCHHKy MCCIeOBaTb M3y4YaeMoe TOHATHe B yCJIOBHAX 
CAMOCTOATEJIBHOFO MOUCKa HW yueOHOrO IKCIepHMeHTHPOBaHHA. 
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B yueoHon TpakTHKe KOMIIbIOTCpHbIle HHCTPYMCHTbI MOTyT BbICTYHaTb KaK B KaYeCTBe 
JJOMOJIHHTCJIBHBIX CPpeICTB ooyyeHna, BH3YaJIM3HPyrOIHxX OTACJIBHbIC SJICMCHTbI 3HaHuh, 
Tak HU B KavecTBe JOMHHaHTHBIX, CYITCCTBCHHO BJIMAFOUIHX Ha BCC OCTAaJIbHbIC KOMITOHCHTBHI 
MeTOM4eCKOH CucTeMbI. B JIKOOOM cirydae y lpemoqaBaTesaA WOABJSIACTCA BO3MOX%KHOCTb 
KOHCTPYHPOBaHHs TIPHHUMIIHasIBHO HOBBIX, YWaCTO HCTPHBHAJIBHBIX, TH TaKTHYCCKUX 3a]aHHl c 
UCIIOJIbBSOBaHHCM KOMIIbIOTepHOH BHByasIh3alnn. 
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Summary 


COMPUTER VIZUALIZATION IN MATHEMATICS EDUCATION AS A PRACTICAL 
EDUCATIONAL TASK 


Sergey Sergeev 
National Institute of Education, Republic of Belarus 


Maria Urban 
Belarusian State Pedagogical University, Republic of Belarus 


The appearance of up-to-date computer technologies extended the application of visualization 
in mathematics itself as well as in mathematics education drastically. In a number of recent studies the 
problem of design of technological tools, capable of fostering the students’ mathematical thinking has 
been discussed hotly. Taking into consideration the primary importance of dynamic visualization (DV) 
in educational multimedia it is necessary to state that the creation of didactically efficient DV becomes 
an independent and the urgent educational task. 

Methodically grounded realization of dynamic connection between representations of mathematical 
objects, design of auxiliary visual elements and effects, as well as highlighting of significant objects and 
relations are prerequisites of potential DV efficacy. While interacting with DV a student can realize how 
a certain mathematical construction is “built”, detect essential connections between its elements, and in 
the long term comprehend the underlying mathematical ideas and concepts. 

The key advantage of DV in comparison with static vizualization is in the fact that DV gives 
the opportunity to have a good look at a genesis of a new mathematical object in its dynamics, and to 
explore the connections between graphical representations without necessity to perform labor-consuming 
calculations, which gives the possibility to concentrate students’ attention on conceptual aspects of a 
studied mathematical objects. 

In teaching DV can be used both as an additional tutorial visualizing some elements of knowledge 
and as a dominant one influencing significantly all the other components of a methodological system. The 
latter can include for example software “analogue” of the physically existing artefact — positional abacus. 
In any case the teacher acquires the opportunity to create new in their essence, often nontrivial didactical 
tasks with DV employment. 

Key words: computer technologies, mathematics education, visualization. 
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